Abstract
Keywords: Montmorillonite, lake pigments, Carminic Acid, DFT, NMR, EPR Natural organic dyes and pigments are key components of cultural heritage artifacts and 4 understanding their durability is a crucial issue. These two types of materials have distinct 5 features. Indeed dyes are soluble in the medium in which they are present [1] . Furthermore, 6 dyes are able to absorb light in the visible range of electromagnetic radiation (400-700 nm), 7 bear a chromophore group, and can also possess an auxochrome group. In contrast, pigments 8 are generally inorganic and insoluble [2] and the mixture between a dye and an inorganic 9 material or metallic cation such as aluminum or tin can therefore be used as a pigment. The 10 latter are known to be more sensitive to fading. The weak photo-resistance of the red lake Among the large family of red dyes molecules, carminic acid is an organic dye ,widely used 1 in the cosmetic industry and as a food colorant [19] .Chemically speaking, it is a 2 hydroxyanthraquinone with a lateral chain of C-glycosyl and only one position free on the 3 aromatic nucleus. Its pKa values were reported to be pKa1 = 2.81 ± 0.09; pKa2 = 5.43 ± 0.04; 4 pKa3 = 8.10 ± 0.03 [20] . For pH values higher than 3, carminic acid is therefore negatively 5 charged. As a consequence, the direct preparation of swelling clays/carminic acids hybrids 6 cannot be achieved, as these minerals bear a permanent negative charge, which will lead to 7 repulsive interactions upon mixing carminic acid with non-treated swelling clays [8] . The 8 preparation of clay/carminic acids hybrid materials therefore requires a pre-treatment stage to 9 change the surface charge of the clays.
10
Various strategies can be employed to reverse the surface charge of clay minerals. varied and samples will be referred to as "x/y-Mt" where "x/y" is a molar ratio with "x" the 5 negative charges hold by the clay (Mt) and "y" the positive charges brought by the cationic 6 polymer (CP). The following ratios were used: 1/1, 2/3, 1/2 and 1/3. Microscopy (TEM) measurements of the samples were performed using a JEOL100CX 10 microscope. Samples in the form of bulk powders were suspended in ethanol and then
11
deposited on specific grids (400 mesh copper grids covered with an ultrathin carbon membrane 12 of 2-3 nm thickness).
13
Zeta potential measurement were performed at controlled temperature, fixed ionic strength
14
(NaNO3 solution at 1.10 -4 mol.L -1 ) and at 5<pH<5.5, using a Malvern Zetasizer nanoZS device.
15
Spectrophotocolorimetry was performed using Ocean Optics halogen light source HL-2000-
16
FHSA as incident light beam and Ocean Optics USB4000 detector with Ocean Optics QP400- counting technique using a lab-made device previously described [32, 33] . For the analysis, the 7 fluorescence decay law at the magic angle IM(t) and the anisotropy decay law r(t) were 8 analyzed as a sum of exponentials :
With τi the fluorescence lifetime, the pre-exponential factor related to the contribution of 12 each lifetime of component i, rj the anisotropy of a component j for a correlation time .
13
The anisotropy decay, r(t) is related to the decays collected with vertical, and 14 horizontal, polarization, the excitation being vertical:
15
(eq 3)
16
(eq 4) or (eq 5)
17
Fluorescence lifetimes were calculated from data collected at the magic angle by iterative 18 adjustment after convolution of a pump profile (scattered light) with a sum of exponentials as 19 described previously.
20
EPR experiments were carried out at room temperature and in aerated medium using an X- The bulk model of Mt was built in order to be as close as possible to the synthetized MT 14 After mixing with the cationic polymer, the d001 value reaches 1.47 nm whatever the amount 15 of organic matter, indicating that the polymer is probably intercalated in the interlayer space.
16
The addition of carminic acid to the composite "cationic polymer_Mt" does not lead to reflection.
5
Such narrowing could be due to a rearrangement of polymer moieties in the interlayer space.
6
Indeed, the adsorption of the cationic polymer was performed by wet impregnation without 7 any washing procedure whereas the dyeing procedure was followed by a washing step that 8 likely removed the sodium cations exchanged by the cationic polymer in the interlayer space.
9
An additional reflection is observed for these samples around 25 in 2θ and is attributed to the 10 (004) plan, attesting a better organization of the layers along the c-axis.
11

Transmission Electron Microscopy
12
In order to investigate more precisely polymer intercalation in the interlayer space of Mt,
13
TEM experiments were conducted. The micrograph corresponding to raw Mt exhibits layers 
DFT Calculations
9
The interlayer distance was calculated as the distance between the center of an oxygen atom 10 from the top layer and the center of an oxygen atom from the bottom layer minus one oxygen 11 van der Waals radii. If the cationic polymer is in the interlayer space of bulk Mt, an 12 equilibrium interlayer distance of 7.6 Å was calculated. This is to be compared to the value of found between (001) and (100) surfaces of Mt.
13
Thermogravimetric Analysis
14
The amount of adsorbed organic matter in the composite materials was obtained by thermal peaks around 330-400°C on the DTG curve suggest that some polymer remains free.
10
Assuming that dehydroxylation also occurs in the composites and still corresponds to a 5.6%
11 wt loss, and assuming that all weight losses for temperatures higher than 170° are due to 12 elimination of organic material, the total amount of organic matter calculated from the total 
Infrared spectroscopy
12
The FTIR spectra of raw montmorillonite is displayed in figure 7 : a band at 3635 cm-1 ppm is assigned to carboxylate moieties and that at 185 ppm to ketones functions.
10
The spectrum of the cationic polymer displays several peaks in the region of 10 to 75 ppm.
11
The peaks in the region 50-57 ppm are related to C22, C23, C25. The signals of the carbons 12 bearing the nitrogen (in the cationic polymer) are located in the region 66-77 ppm.
13
The spectrum of 1-1 CP-Mt composite displays all the peaks previously assigned to the 14 cationic polymer. Still, no direct comparison can be done since the pure polymer is liquid 15 whereas the composite is solid. To follow the ageing and fading of samples, pellets 5mm in diameter were pressed to obtain a 5 flat surface allowing an easy and reproducible acquisition of the spectrum in visible light. To follow the degradation of the pigment, samples with different ageing were prepared. and increasing ones at both 3400 and 3430 G. The ageing process then appears to occur in 3 subsequent steps, with a rapid formation of radicals at 3500 G that then evolve to form at 4 3400 G and 3430 G.
5
In order to see if intense light could drive a fast radical production, EPR experiments were 6 performed after some focused ageing of the pigments using a laser beam. Two types of laser 7 were used: a green one, as it is the main absorbed color from the red carminic acid dye (see 8 Figure 13 ), and an UV one, as UV illumination is commonly used for forming radicals on increased signals at 3500 G (see Figure 14) . 
11
In a first experiment, carminic acid was mixed with diphenyl iodonium hexafluorophosphate 12 (DPI), well known for its oxidazing properties i.e. DPI is an excellent electron acceptor to 13 simulate the photooxidation of the dye upon light irradiation. In a second one, the dye was 
17
In both experiments, spin trap, N-tert-Butyl-α-phenylnitrone (PBN) was added, to ensure 1 detection of any formed radical after mixing, or during photo-activation.
2 Figure 15 present the EPR spectra corresponding to these two experiments. In both cases, a clear effect is observed, which shows that carminic acid can behave both as an 6 oxidant and a reducing agent. upon light irradiation. The oxidation and reduction potentials 7 of carminic acid were determined as 1.32V and -0.88V, respectively. These potentials being 8 also typical of rather good electron donor and acceptor in agreement with potential 9 photooxidation or photoreduction of carminic acid upon light.
10
Conclusion
12
The first question that may be asked is what happens initially when the cationic polymer-clay 
